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ABSTRACT
5HFRYHU\ RI ZDONLQJ IXQFWLRQ LV D PDMRU JRDO RI SRVWVWURNH
UHKDELOLWDWLRQ $XGLR PHWURQRPLF FXHLQJ KDV EHHQ VKRZQ WR
LPSURYHJDLWEXWFDQEHLPSUDFWLFDODQGLQFRQYHQLHQWWRXVHLQD
FRPPXQLW\ VHWWLQJ IRU H[DPSOH RXWGRRUV ZKHUH DZDUHQHVV RI
WUDIILFLVQHHGHGDVZHOODVEHLQJXQVXLWDEOHLQHQYLURQPHQWVZLWK
KLJK EDFNJURXQG QRLVH RU IRU WKRVH ZLWK D KHDULQJ LPSDLUPHQW
6LOHQW OLJKWZHLJKW SRUWDEOH WDFWLOH FXHLQJ LI VLPLODUO\ VXFFHVVIXO
KDV WKH SRWHQWLDO WR WDNH WKH EHQHILWV RXW RI WKH ODE DQG LQWR
HYHU\GD\ OLIH 7KH +DSWLF %UDFHOHWV GHVLJQHG DQG EXLOW DW WKH
2SHQ 8QLYHUVLW\ RULJLQDOO\ IRU PXVLFDO SXUSRVHV DUH VHOI
FRQWDLQHG OLJKWZHLJKW ZLUHOHVV GHYLFHV FRQWDLQLQJ D FRPSXWHU
:L)L FKLS DFFHOHURPHWHUV DQG ORZODWHQF\ YLEURWDFWLOHV ZLWK D
ZLGH G\QDPLF UDQJH ,Q WKLV SDSHUZH RXWOLQH JDLW UHKDELOLWDWLRQ
SUREOHPV DQG H[LVWLQJ VROXWLRQV DQG SUHVHQW DQ HDUO\ SLORW LQ
ZKLFK WKH +DSWLF %UDFHOHWV ZHUH DSSOLHG WR SRVWVWURNH JDLW
UHKDELOLWDWLRQ
Categories and Subject Descriptors





+DSWLF %UDFHOHWV VWURNH JDLW UHKDELOLWDWLRQ WDFWLOH PHWURQRPH




GHYLFHVRULJLQDOO\GHVLJQHGDQGEXLOW DW WKH2SHQ8QLYHUVLW\ IRU
PXVLFDO SXUSRVHV VXFK DV OHDUQLQJ DQG WHDFKLQJ PXOWLOLPEHG







2. GAIT REHABILITATION FOLLOWING
STROKE 
2.1 Characteristics of post-stroke gait 
$V %HOGD/RLV HW DO >@ GLVFXVV LPSDLUPHQW RI JDLW FDQ KDYH D
PDMRULPSDFWRQDSDWLHQW¶VOLIHDQGFDQLPSRVHVXEVWDQWLDOFRVWV
RQKHDOWKDQGVRFLDOVHUYLFHV>@$OWKRXJKWKHPDMRULW\RIVWURNH
SDWLHQWV HYHQWXDOO\ UHFRYHU DQ LQGHSHQGHQW JDLW PDQ\ QHYHU
UHJDLQDOHYHORIZDONLQJWKDWDOORZVFRPPRQGDLO\DFWLYLWLHV>@
7KXV LPSURYHPHQW RI JDLW LV D PDMRU JRDO RI SRVW VWURNH
UHKDELOLWDWLRQ:DONLQJDIWHUDKHPLSDUHWLFVWURNHLVFKDUDFWHUL]HG
E\ GHFUHDVHG VSHHG >@ LQFUHDVHG YDULDELOLW\ >@ DQG VSDWLDO
DQGRUWHPSRUDODV\PPHWU\>@
)LJXUH$IXOOVHWRI+DSWLF%UDFHOHWV
$V D UHVXOW WKH QRQSDUHWLF OLPE LV UHJXODUO\ H[SRVHG WR KLJKHU
YHUWLFDO IRUFHV >@2YHU WLPH WKLV FDQ OHDG WR IXUWKHU SUREOHPV
VXFKDVMRLQWSDLQ>@DQGGHJHQHUDWLRQ>@,WPD\DOVRFRQWULEXWH
WR WKH ORVV RI ERQH PLQHUDO GHQVLW\ LQ WKH SDUHWLF OHJ >@
,QGLYLGXDOVDIWHUVWURNHIDFHGRXEOHWKHULVNRIKLSIUDFWXUHDIWHUD
IDOO IRU WKHLUDJH>@ZLWKRI WKHIUDFWXUHVRFFXUULQJRQ WKH
VLGH RI WKH SDUHWLF OHJ >@ $Q DV\PPHWULFDO JDLW LV DVVRFLDWHG
ZLWK ZRUVH SHUIRUPDQFH RQ FOLQLFDO EDODQFH WHVWV >@ DQG
WKHUHIRUHPD\EH OLQNHG WR WKH LQFUHDVHG ULVNRI IDOOLQJREVHUYHG
DIWHU VWURNH 8QGHUVWDQGLQJ DQG UHKDELOLWDWLQJ WKHVH IHDWXUHV RI
KHPLSDUHWLF JDLW LV RI YLWDO LPSRUWDQFH VLQFH ZDONLQJ DIIRUGV D













GHYLFHVRULJLQDOO\GHVLJQHGDQGEXLOW DW WKH2SHQ8QLYHUVLW\ IRU
PXVLFDO SXUSRVHV VXFK DV OHDUQLQJ DQG WHDFKLQJ PXOWLOLPEHG
UK\WKPV ,Q WKLVSDSHUZHFRQVLGHUDQHDUO\SLORW VWXG\ LQZKLFK
W  D WLF UDFHOHWVZHUHDSSOLHGWRJDLWUHKDELOLWDWLRQI OORZLQJD
KHPLSDUHWLFVWURNH
2.2 Existing gait rehabilitation approaches 
+ROODQGV HW DO >@ SUHVHQWHG D V\VWHPDWLF UHYLHZ RI JDLW
UHKDELOLWDWLRQ WHFKQLTXHV DIWHU VWURNH DQG LGHQWLILHG H[WHUQDO
UK\WKPLFFXHLQJDVDWHFKQLTXHVKRZLQJJUHDWSURPLVHIRUZDONLQJ
UHKDELOLWDWLRQ ,PPHGLDWH HIIHFWV RI DQ DXGLWRU\PHWURQRPHKDYH
EHHQUHSRUWHGZLWKFKURQLFVWURNHSDWLHQWVDEOHWRV\QFKURQLVHWR
D PHWURQRPH GXULQJ WUHDGPLOO ZDONLQJ >@  ,PSURYHPHQWV LQ
VSDWLDO>@DQGWHPSRUDOV\PPHWU\>@DQGVWHSWLPHYDULDELOLW\
>@ ZHUH REVHUYHG ZLWK DXGLWRU\ SDFLQJ DV ZDV WKH DELOLW\ WR
PDNH JDLW DGMXVWPHQWV LQ UHVSRQVH WR FKDQJHV LQ WKH FXH >@
$XGLWRU\ FXHLQJ KDV DOVR EHHQ XVHG LQ JDLW UHKDELOLWDWLRQ
SURJUDPPHVZLWK VLJQLILFDQWO\JUHDWHU LPSURYHPHQWV LQZDONLQJ
VSHHG DQG VWULGH OHQJWK ZLWK DXGLWRU\ FXHLQJ FRPSDUHG WR
FRQYHQWLRQDOJDLWWUDLQLQJ>@DQG%REDWKWUDLQLQJ>@
2WKHUPRGDOLWLHVDSSHDUWRKDYHFRQVLGHUDEOHSURPLVHIRUH[WHUQDO
FXHLQJ 7KHUDSLVWV URXWLQHO\ XVH WRXFK WR KHOS VWDELOLVH SDWLHQWV
DQG UHGXFH SRVWXUDO VZD\  9LVXDO VSDWLDO FXHV LQ WKH IRUP RI
SURMHFWHGVWHSSLQJVWRQHVKDYHDOVREHHQXVHGDQGSHUWXUEDWLRQRI
WKH VSDWLDO SKDVH RI WKHVH FXHV VKRZV SURPLVH >@ +RZHYHU
WKHVH DSSURDFKHV FDQ EH LQWUXVLYH RU FDQ UHTXLUH ODERUDWRU\
LQVWDOODWLRQV RU ERWK ZKHUHDV WRXFK FDQ EH FRYHUW DQG PRUH
SUDFWLFDO WR DSSO\ LQ HYHU\GD\ OLIH ,W LV NQRZQ >@ WKDW WDFWLOH
FXHVFDQOHDGWRDQLQFUHDVHLQVWULGHOHQJWKZLWKRXWGLVUXSWLQJWKH
QDWXUDOJDLWUK\WKPLQKHDOWK\SDUWLFLSDQWV
3. THE HAPTIC BRACELETS  
7KH+DSWLF%UDFHOHWVGHVLJQHGDQGEXLOWDW WKH2SHQ8QLYHUVLW\
DUH VHOIFRQWDLQHG OLJKWZHLJKW IRU ZULVWV DQG DQNOHV >@ (DFK




SUHVHQW FDVH ZHDULQJ IHZHU FDQ KDYH PDQ\ XVHIXO DSSOLFDWLRQV
0XOWLSOH EUDFHOHWV RU VHWV FDQ EH FRRUGLQDWHG DQG FRPPXQLFDWH
WRJHWKHUHLWKHUQDWLYHO\RUYLDODSWRSRUVPDUWSKRQH7KHXVHRI
PXOWLSOHVHWVLVUHOHYDQWWRRQHRIWKHWKHUDSHXWLFDSSOLFDWLRQVZH
GHVFULEH EHORZ7KH YLEURWDFWLOHV DUH YHU\ ORZ ODWHQF\ DQG FDQ
EH IHOW LQ  PLOOLVHFRQGV KHOSLQJ JUHDWO\ ZLWK WLPLQJ LVVXHV LQ




3.1 Modes of use of the Haptic Bracelets in 
gait rehabilitation 
:H SURSRVH WKUHH PRGHV RI XVH IRU XVLQJ WDFWLOH FXHLQJ LQ JDLW
UHKDELOLWDWLRQ 7KH ILUVW PRGH VLPSO\ SURYLGHV D SRUWDEOH WDFWLOH
PHWURQRPH $V SUHYLRXVO\ QRWHG LI WDFWLOH FXHLQJ GHPRQVWUDWHV
VLPLODUEHQHILWV WR DQDXGLWRU\FXH WKLV DSSURDFKFRXOGKDYH WKH
EHQHILWRIEHLQJXVDEOHLQDFRPPXQLW\VHWWLQJIRUH[DPSOHLQWKH
VWUHHW ZKLOH DYRLGLQJ WKH LQFRQYHQLHQFH DQG GDQJHUV DVVRFLDWHG
ZLWK ZHDULQJ HDUSKRQHV ZKHQ DZDUHQHVV RI PRWRU YHKLFOHV
ELF\FOHV DQGRWKHUSHGHVWULDQV LVQHHGHG 7KHEUDFHOHWV FRXOG DW
WKHVDPHWLPHFROOHFWJDLWGDWDYLDWKHLQEXLOWDFFHOHURPHWHUVIRU
OLYHVWUHDPLQJYLD:L)LRU IRUVWRUDJHDQG ODWHUDQDO\VLV:KHQ
XVHG DV D WDFWLOH PHWURQRPH ZH DQWLFLSDWHG WKDW WZR
FRPPXQLFDWLQJ EUDFHOHWV ZRXOG EH ZRUQ RQH RQ HDFK OHJ 7KH
VHFRQG DSSURDFK LV IOH[LEOH LQWHUDFWLYH SDFLQJZLWK WKH DLG RI D
FDUHU WKHUDSLVW RU SDUWQHU ,Q VLWXDWLRQV ZKHUH VWXPEOHV
HQYLURQPHQWDO REVWDFOHV FKDQJLQJ VORSHV RU RWKHU LUUHJXODULWLHV
PLJKWPDNHLWLPSUDFWLFDOIRUWKHSDUWLFLSDQWWRNHHSLQSKDVHZLWK
DIL[HGEHDWDSDUWQHUZHDULQJDFRPPXQLFDWLQJSDLURIEUDFHOHWV
FRXOG IOH[LEO\ EHDW DQ DSSURSULDWH SXOVH ZLWK DUPV RU IHHW 7KH
WKLUG DSSURDFK LV DXWRQRPRXV JDLWPRQLWRULQJUHPLQGLQJ ,Q WKLV
PRGHDLPHGDWSRVWFDUH DSDLURIEUDFHOHWVZRUQRQ WKHDQNOHV




3.2 Preliminary views of practitioners 
$V SDUW RI WKH V\VWHP GHVLJQ SURFHVV EHIRUH FRQGXFWLQJ D SLORW
WHVW ZLWK D VWURNH VXUYLYRU ZH FDUULHG RXW WZR GLIIHUHQW




SURIHVVLRQDO $VVRFLDWLRQ RI &KDUWHUHG 3K\VLRWKHUDSLVWV ZLWK
,QWHUHVWV LQ 1HXURORJ\ 7KLV JURXS KWWSZZZDFSLQQHW KDV
VSHFLDO LQWHUHVWV LQ WKH QHXURUHKDELOLWDWLRQRI FRQGLWLRQV VXFK DV
6WURNH 3DUNLQVRQ
V GLVHDVH $WD[LD DQG +HDG LQMXU\ 7KUHH
SRWHQWLDO DSSOLFDWLRQV RI WKH +DSWLF %UDFHOHWV LQ UHKDELOLWDWLRQ
ZHUH RXWOLQHG WKH WDFWLOH PHWURQRPH IOH[LEOH WKHUDSLVWGULYHQ
WDFWLOH FXHLQJ DQG SRVWFDUH OLYH JDLW PRQLWRULQJ DQG IHHGEDFN
7KHILUVWWZRRIWKHVHDSSOLFDWLRQVZHUHGHPRQVWUDWHG,QRUGHUWR
LQIRUP GHVLJQ ZRUN DV ZHOO DV FROOHFWLQJ GHWDLOHG FRPPHQWV
VXUYH\ IHHGEDFN IURP VRPH ILIW\ $&3,1 SDUWLFLSDQWV WR WKUHH
TXHVWLRQVZDV HYDOXDWHG WR ILQG RXW LQLWLDO JHQHUDO YLHZV RQ WKH
OLNHO\UHODWLYHYDOXHRIWKHWKUHHDSSURDFKHV
Table 1. General views of meeting of Physiotherapists with 
Interests in Neurology 









V\PPHWU\ KDV WKH SRWHQWLDO WR
LQIOXHQFHSUDFWLFH
 




“Great for Parkinson’s’ Disease - Cueing to enable stepping - PD 
patients tend to "freeze" and use visual/audio cueing to trigger 
stepping - tactile cueing could assist this.”   
“Stroke patients tend to have unequal stride length - the use of a 
metronome to encourage equal stepping by patients.”   
“Use of feedback would assist therapists analysing gait + for 





IDFLOLWDWRU IURP WKH :HVW 0LGODQGV 6WURNH 5HVHDUFK 1HWZRUN
KWWSZZZFUQFFQLKUDFXNDERXWBXVVWURNHBUHVHDUFKBQHWZRUNL
QB\RXUBDUHDZHVWBPLGODQGV 7KH SDUWLFLSDWRU\ ZRUNVKRS
H[DPLQHGWKHSURVDQGFRQVRIFXHLQJWKHJDLWRUDUPPRYHPHQWV
RI 6WURNH 3DUNLQVRQ
V +HDG LQMXU\ $WD[LF DQG RWKHU SDWLHQWV
XVLQJWKH+DSWLF%UDFHOHWVDVFRPSDUHGZLWKRWKHUDSSURDFKHV$OO
SDUWLFLSDQWVZHUH DEOH WR WU\ RXW WKH+DSWLF%UDFHOHWV 6LWXDWLRQV
ZHUH LGHQWLILHG ZKHUH WKH +DSWLF %UDFHOHWV DUH QRW VXLWDEOH IRU
WKHUDS\ HJ UHKDELOLWDWLRQ RI JUDVS DQG UHDFK DQG LQ VRPH
3DUNLQVRQ¶VFDVHVZKHUHVSDVWLFLW\PLJKWEHLQFUHDVHG$JDLQLQ
RUGHUWRLQIRUPGHVLJQUHILQHPHQWVDVZHOODVFROOHFWLQJGHWDLOHG
FRPPHQWV VXUYH\ IHHGEDFN IURP SDUWLFLSDQWV ZDV HYDOXDWHG WR
JDLQ DQ LPSUHVVLRQ RI SUDFWLWLRQHUV¶ LQLWLDO YLHZV RQ WKH OLNHO\
UHODWLYHYDOXHRIWKHWKUHHDSSURDFKHV
Table 2.  General views of Physiotherapists at participative 
workshop





7KH WDFWLOH PHWURQRPH KDV WKH
SRWHQWLDOWRLQIOXHQFHSUDFWLFH
 
/LYH PRQLWRULQJ DQG IHHGEDFN RQ
JDLW V\PPHWU\ KDV WKH SRWHQWLDO WR
LQIOXHQFHSUDFWLFH
 




“Maybe not appropriate for musculoskeletal patients with gait re-
training in higher levels such as sporting injuries.”  
“May help with children and developmental problems, for tapping 
etc.” 
“Consider how therapists use, sensory input to facilitate 
neurological rehabilitation & the effects sensory stimulation can 
have on aspects such as tone/spasticity/muscle activation”. 
3.3 Pilot Study with stroke survivor 
)RUDSUHOLPLQDU\SLORWVWXG\LQRUGHUWRLQYHVWLJDWHWKHHIIHFWVRI
WDFWLOHFXHLQJZLWK WKH+DSWLF%UDFHOHWV LQJDLW UHKDELOLWDWLRQZH
UHFUXLWHG D IHPDOH SDUWLFLSDQW ZLWK ULJKW KHPLSDUHVLV DJHG 
\HDUVZKRSURYLGHGZULWWHQLQIRUPHGFRQVHQW)DYRXUDEOHHWKLFDO
RSLQLRQ ZDV JUDQWHG E\ WKH ORFDO 5HVHDUFK (WKLFV &RPPLWWHH
7HVWLQJ WRRN SODFH LQ WKH 0RWLRQ 	 3HUIRUPDQFH &HQWUH DW WKH












 VKRZHG WKDW WKHSDUWLFLSDQW¶V SDUHWLF VWHS OHQJWK KLS UDQJHRI
PRWLRQ520SHDNNQHHIOH[LRQGXULQJVZLQJDQGDQNOHUDQJH
RI PRWLRQ LQFUHDVHG DERYH WKH PLQLPXP GHWHFWDEOH FKDQJH
WKUHVKROG ZKHQ FXHG ZLWK WKH WDFWLOH GHYLFH FRPSDUHG WR KHU
EDVHOLQH YDOXHV >@ 7KLV VXJJHVWV WKDW WKH LPPHGLDWH
LPSURYHPHQWV REVHUYHG WKRXJK WDFWLOH FXHLQJ ZHUH FOLQLFDOO\






"I must say its makes you stand up straighter" 
"When I stand up straight my hips move better and I walk more 
smoothly and it’s easier. " 
“I think it might help to remind you that you should be walking in 
this way” 
"It does help…. this helps me to walk in time. It’s just sort of 
having an even pace … which helps me stand up straight and walk 
properly."
Table 3. Key values from motion capture data 
 %DVHOLQH +DSWLF 3RVW
6SHHGPV   
1RQSDUHWLFVWHSWLPHV   
3DUHWLFVWHSWLPHV   
1RQSDUHWLFVWHSOHQJWKP   
3DUHWLFVWHSOHQJWKP   
3DUHWLFKLS520GHJUHHV   
3DUHWLFNQHHSHDNIOH[VZLQJ   
3DUHWLFDQNOH520   
4. CONCLUSIONS 
5HFRYHU\RIZDONLQJIXQFWLRQLVDYLWDOJRDORIUHKDELOLWDWLRQDIWHU
VWURNH ([LVWLQJ WKHUDSLHV XVLQJ DXGLR PHWURQRPHV KDYH EHHQ
UHSRUWHG WR KDYHYDOXDEOH LPPHGLDWH HIIHFWV EXW JDLW DV\PPHWU\
FDQ EH YHU\ UHVLVWDQW WR ORQJ WHUP FKDQJH$XGLR FXHLQJ FDQ EH
XQVXLWDEOH RXWVLGH WKH ODE GXH WR GDQJHUV DVVRFLDWHG ZLWK
HDUSKRQH XVH QHDU WR PRWRU YHKLFOHV ELF\FOHV RU HYHQ RWKHU
SHGHVWULDQV7DFWLOH FXHLQJ KDV SRWHQWLDO WR RIIHU VLPLODU EHQHILWV
WRDQDXGLWRU\FXH,QSRUWDEOHIRUPWKLVDSSURDFKFRXOGEHXVHG
RXWVLGH WKH ODE IRU ORQJSHULRGVZLWKRXW WKHSUREOHPV DVVRFLDWHG
ZLWKDXGLRFXHLQJ:HKDYHRXWOLQHG WKUHHSRWHQWLDO DSSOLFDWLRQV
RIWKH+DSWLF%UDFHOHWVLQJDLWUHKDELOLWDWLRQSRVWVWURNHDQGKDYH
UHSRUWHG RQ DQ LQLWLDO SLORW VWXG\ ZLWK DQ LQGLYLGXDO SRVW
KHPLSDUHWLF VWURNH 7KH SUHOLPLQDU\ GDWD VXJJHVWV WKDW D WDFWLOH
GHYLFH PD\ KDYH LPPHGLDWH EHQHILWV IRU ZDONLQJ LQ LQGLYLGXDOV
SRVWVWURNHDQGZDUUDQWVIXUWKHULQYHVWLJDWLRQ
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